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Report No. 484
USAMRL Project No. 6X64-14-001-04

ABSTRACT

REDUCTION OF RADIATION LETHALITY IN DOGS
BY CHEMICAL MIXTURE

OBJECT

'To determine whether the pre-irradiation administzation of
mixtures of chemical agents to dogs, with or without post-irradiation
supportive therapy, can provide effective orotection from supra-lethal
total-body doses of ionizing radiation.

'RESULTS AND CONCLUSIONS

A total of 68 small dogs were individually exposed to supra-lothal
doses of 600 r (1.8 x LDlOO) of acute whole-body radiation from a co-
balt 60 source. The administration of 4 to 5 mg/kg of para-amino-
propiophenone {PAPP) intravenously 30 minutes before, and 225 mg
(total dose) of S, p-aminoethyligothiuronium (AET) plus 32.5 mg (total
dose) of serotonin intraperitonsally 10 to 15 minutes before irradiation
provided 58 per cent survival, whereas the administration of PAPP
alone protected only 13 per cent. By supplementing this pre-irradiation
chemical treatment with post-irradiation supportive therapy consisting
of antibiotics, vitamins, parenteral fluids, and whole-blood transfusions,
the survival of the PAPP treated dogs was increased to 63 per cent, while
the survival of the doge receiving the chemical mixture was increased
to 82 per cant. Post-irradiation supportive therapy increased the mean
survival time of control irradintied dugs by 4 days, but effected survival
beyond 30 days in only one case. Pre-treatment with chemical agents
seemed to influence favorably the post-irradiation fall in leucocytas,
but did not noticeably effect the hematocrit or hemoglobin levels. No
deaths occurred as a direct result of the toxicity of the chemical agents;
furthermore, the intravenous administration of methylune blue immedi-
ately following irradiation rapidly reversed the toxic effects.

RECOMMENDATIONS

It is recommended that this and other mixtures of chemical radio-
protective agerts be investigated further in dogs with a view toward
possible human application.
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REDUCTION OF RADIATION LETHALITY IN DOGS
BY CHEMICAL MIXTURE

L INTRODUCTION

Effective protection {rom radiation induced lethality in rodents by
the pre-irradiation admiaistration of various chemical agents has been
demonstrated by numerous investigators. In this !aboratory an im-
proved degree of protection in mice against supra-lethal doses of whole-
body X-irradiation has been achieved by the pre-irradiation adminis-~ -
tration of a mirniure of radio-protective chemicals cont ining S, B-
aminoethylisothiuronium (AET), ffi-mercaptuethylamine (MEA) and |
serotonin (1). By supplementing the abouve chemical treatment with the
use of lead-grid partiai-body shielding during irradiation or the trans-
plantition of isologous bone marrow following irradiation, further in-
creases in the survival of mice at supra-lethal doscs of X-radiation
were obtained (2, 3).

Attempts to protect doys from radiation induced lethality using
single chemical agents have been rather disappointing (4); however,
using a mixture of AET and para-aminopropiophenone (PAFP), Blouin
and Overman, in a preliminary paper, reported 83 to 100 per cent
survival in dogs following exposure to 500 r (1.25 x LDjq) of X-
radiation (5). Simiilarly, Jacobus used high doses of MEA and cysteine
combined to protect dogs against 700 or 775 r of X-rays (6).

It has been reported that streptomycin and bone marrow therapy
in mice following supra-lethal X-irradiation enhances the protection
afforded by pre-treatment witk AET (7). Furthermore, the beneficial
effects of post-irradiation therapy with antibiotics, vitamins, and whole
blood transfusions have been demonstrated in sublethally irradiated dogs
(8-12). The effectiveness of such post-irradiation therajy in chemically
protected, supra-lethally irradiated dogs has not previously been re-
ported in the literature.

The present study was undertaken to determine, f{irstly, the degree
of radiation protection which could be obtained in dogs by the prior ad-
ministration of a mixture of chemical agents; and, secondly, the effect
of post-irradiation supportive therapy on the percentage of survival nf
chemically pre-treated, irradiated dogs.

. EZXPERIMENTAL

A total of 68 healthy, mature, monngrel dou,« of both sexes, weighing .

6.51t0 11.0 kg were uscd in thic study. All dogs were individually
1
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exposed to supra-lethal doses of 1L00 r of acute whole-body radiation
from a cobalt 60 source. The dcgs to be irradiated were assigned
rardomly to the following gr aps:

Group L Control (No Pre-treatraent)
a. With post-irradiation supportive therapy
b. Without post-irradiation suppurtive therapy

Group II. - Pre-treatment with PAPP )
E a. With post-irradiation supportive therapy
b. Without post-irradiation supportive therapy

Group IIL. Pre-treatment with PAPP, AET and Serotonin
a. With post-irradiation supportive therapy
b. Without post-irrz-*iation supportive therapy

Prior to their use in this study, the dogs were quarantined for two
weeks, given anthelmintice and vaccinated against canine distemper,
hepatitis, and rabies. They were then moved to individual metal cages
in an air-conditioned building and observed for an additional week. One
pound of 3 commercial canned dog food was fed daily and free access to
drinking water was allowed. The cages were cleaned and chernically
disinfected cach day. I’receding irradiation, the food consumption,
nature of the feces, rectal temperature, and heart rate were recorded -
daily, and control blood determinations of hématocrit, hemoglobin,
total and differentizl leucocyte counts were obtained. Dogs exhibiting
abnorrmal clinical or blood pictures were exciuded from the study. Ali
food was withheld for 24 hours before irradiation.

A 1060 curie cobalt 60 irradiation facility was used as the source
of ionizing radiation (13). Each dog was placed in a single compartment
lucite cage, rotated on a platform at three revolutions per minute, and
exposed (0 600 r of total-body radiation (mid-tissue dose) from above
The source to mid-tissue distance was 54. 5 cm. Prior to each series
of irradiations the mid-tissue dose rate (27 to 32 r/min) was determined
in a rectangular paraifin dog phantom with a 100 r Victoreen thimble
chambeyr. The details of dosimetry and specifications of the radiation
cage were described in a previous paper (14).

The doses of the chemical agents used in this study and the interval
between the administration of the chemical mixture and the time of ir-
radiation were durived from the results of preliminary experiments in
dozs 1n which the protective capabilities of various individual and com-
bined chemical agents were tested.
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The chemical agents tested were para-aminopropiophernone (PAPP)I.
S.B-aminoethylisothiuronium (AET)2, and 5-hydroxytryptamine (sero-
tonir)3. All solutions were prepared aseptically within five .minutes of
their intended use. Tae PAPP was dissolved, with slight warming, in
propylene glycol at a concentration of 10 mg/ml. The AET and serotonin
were dissolved together in 3 to 5 ml of normal saline and the final mixture
adjusted to a pH of 6.3 to 6. 6. A one per cent solution of methylene blue
was prepared in normal saline. The PAPP was administered by slow
intravenous injection 25 to 30 minutes before irradiation at doses of 4
to 5 mz/kg of body weight. The mixture containing a total dose of 225
mg of AET and 32.5 mg of serotonin per dog was administered intra-
peritoneally 10 to 15 minutes before irradiation. Immediately following
irradiation methylene blue at a dose of 2 mg/kg was adn:inislered intra-
venously lo those dogs which had previously received PAPP.

The groups of dogs designated to receive post-irradiation supportive
therapy were treated according to the following regimen:

300, 000 units of procaine penicillin G plus 0.5 gm of streptomycin
sulfute were administered intramuscularly once daily. I no response
was observed in 24 hours, the dosage was doubled. On the subsequent
day, if no reduction in rectal temperature was noted, chlortetracyciine
or oxytetracycline (250 to 500 mg per day) were added to the treatment,
given orally if tolerated, or otherwise intravenously. The antibiotic
therapy was continued unti! death, or until an improved clinical con-
dition and a rising leucocyte count indicated recovery.

b. Parenterzl Fluids: 150 to 300 ml of 15 per cent dextrose in
saline intravenously by slow drip, or 150 to 300 ml of 5 per cent dextrose
in water subcutaneously were administered to the dogs cnce daily only
when they refused all fond. These parenteral fluids were supplemented
with potassium chloride {10 meq/1), vitamins C and B complex, and
broad spectrum antibiotics. As blood electrolyte determinations were
not made in this study, identical solutions were administered to all
dogs without attempting to correct the fluid and electrolyte balance of
of each dog Individually.

TObtained from Eastman Kodak Company, Rochester. N. Y.

2In the form of the bxi'- HBr salt, obtained from Schwars Laboratories,
Mount Vernon, N. Y.

31n the form of the creatinine sulfate salt, obtained from the California
Foundation for Blochemical Research, lLos Angeles, Calif,
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c. Miscellaneous Treatments: Other therapy was given as in-
dicated by the development of clirical symptoms. A gastrointestinal
adsorbent (Kaopectate, Upjohn) was given orally when diarrhea was '
noted, and topical antibiotics and cutancous wound therapy were use when
skin infections were prcsent. All dogs in the treated group were given
0.5 ml/kg of body weight of hyperimmune serum (anti-canine distemper.
hepatitis, and leptospirosis) subcutaneously at 14-day intervals following
irradiation.

Following irradiation the food consumption, rectal temperature,
and nature of the feces cf both treated and untreated dogs were recorded
daily. Every 3 to 5 days blood was collected for the determination ol
hematocrit, hemoglobin, and total and differential leucocyte count.
Deaths were recorded daily. The dogs living beyond 30 days were
counted as survivors and were re<tained for future study All dogs which
died followmg irradiation were necropsied.

1. RESULTS

In this study 68 dogs were exposed to 600 r of acute whole-body
radiation from a cobalt 60 source. Under identical conditions of irradi-
atioa the LDSO/‘ s Was previously estimated at 260 r, and the

LDjoo/30 days at 32 r (14).

The data from individual dogs used in this study are presented ia
Table 1, summarized in Table 2. and graphically illustrated in Figure 1.
Cumulative mortaliiy is illustrated in Figures 2 and 3. The results of
irradiating the different groups of dogs are as follows:

Group I: Ainong the 18 irradiated controls of 6 dogs receiving no post-
irradiation supportive therapy all died, and only one of the 12 dogs re-
ceiving post-irradiation therapy survived; iowever, this survivor ex-
hibited very sevecre signs of radiation injury, including its total refusal
of food intake for 17 days, before its ultimate recovery. At the 12th
post-irradiation day the cumulative mortalities were found to be 100

per cent for those without, and only 25 per cent for those with supportive
therapy. The mean survival time of the non-survivors in this group was
10.7 days for those withoutand only 14. 5 days for those with post-irradi-
ation supportive therapy.

Group II. A touil of 16 dogs werc given PAPP {at:avenously prior to
radiation exposure. Five of the 8 dogs recei-ing post-irradiation
supportive therapy survived (62. 5 per cent), while only 1 of 8 survived
without supportive therapy {12. 5 per cent). The mcan survival time of
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Group TA. Control without pre-rediction chesicol but with post-raligtion thernpy.

TARE J
190 IVIDUAL MOSTALITY DATA FOR DOGS IRRADIATED AT 00 r COBALT &f

Bod Days Sar-
we. ({q) vived
11.0 ]
15.0 15
9.6 17
10.! 16
0
10 D u

Days Swur-

oy
e, (k3 ‘ wvived

Dog Lays Ser- Jog .

No. Sex . (lqj vived No., Sex
10 F 8.1 » s "
13 F 8.3 18 (>3] x
172 ‘F 7.2 4 708 M
389 " 8.7 12 % "
391 F 6.3 13 $08 F
«5% n 10.1 n Qe F
Group IB. Comtrol without ;Te-rodiation chemical and without pest-rogietionm therapy.

- loys Ser- Dog
s Cex e (kg vived No. Sex
10 F 6.5 n %3 "
121 F a.1 s 944 M
%2 L] 2.6 9 B-106 F
Croug TIX. FPAIP § »g. kg 1.V. w1th pest-rodwation theropy.
Doy Peoa [ys Seg- Dog
Yo, Sex 0. (kg vived No, Sex
452 F e 1s T ]

T 632 F 16.2 15 slo F
657 M 9.6 30+ 5ie F
17 F 1.5 300 1 L]

10.6 12
8.4 »
s.8 11

Bod{ Days Sur-

(kqg} vived

" 11.0 30+
9.3 .18

0.2 ko]
1.6 30

Croup 14 PAP 4 sq/kg (°) oc S 3ckg I, ' end 225 ug AT plus 375 mq serotonin I.P.

w1th post-fadiotian theroyy.

. ‘s Suf- - Bcdl Days Sur-
2? Sex ¥ ( ??w:d ) g‘: X wt. (kqg) vived
“43 F 8.9 u (1 {2 F 10.9 30+
4958 " 11.0 30 7”1 L] a6 30+
$96 " 10.6 30e 710 F 10.9 18
615 r 9.6 We hr- n 8.0 11
X3 ] " F .7 20e no L 9.0 17
630 F 10.2 30¢ 775° ] 10.9 * 0+
uv51 " 9.4 30« 78 ] 16.6 0+
62 F 10.9 W 795° l 8.4 30«
654 ¥ 11.0 e 797 " 8.4 3+
wl " e 30e 810° F 2.7 (e
585 u 9.4 30 [ . < Id | 0.0 30e
toup 1TTR. PAPR ¢ eq/k or $»a¥7 1.V, and 225 AT plus 32.5% serotonin 1.P p.
Lo -uF.w(?on “T0 T.TTEA ﬂ‘r?qu = 3 .
Dog f Days Ses- Bod Days Sur-
No. Ses o ( vived oy Sex ve. (k) vived
e r 8.2 18 658 r .5 0+
559 " 10.% 1$ 6% " 10.§ 0
09 F 10.3 e 650 ” 10.7 30¢
sl? ¥ 10.0 300 852 ”t 3.0 2
619 r 8.4 12 89%0° » [ B ] 12
84 ¥ 8.2 30 [} .34 [ ] 10.2 30+
TAMLE 2
SINGMARY OF DRUG PROTECTIOY STUDIES 1M DOGS (600 v COBALY 309
Pre radiatiom Ce Post-rodiation Ns. of No. of Mean Survival Per cent
Treatsect P Theropy Survivors Tiwe (uys) Surviwal
—_— Mon-sury, f)aly)
A Yoo 12 1 14.5 8.3
Comtral ' > r ’ 10.7 H
A Yes [ ] 14.3 62.%
PAFP(1.V.) u 3 - H ? 142 $2.3
PAFP (1.V.) wd ny A Yoo n 18 14.3 al.8
AT ¢+ Serotomss (1.P.) » Yo 12 ? 13.4 8.3
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r POST ~IRRADIATION THERAPY
‘ o — 190
- {900 ¢ COBALT 40)
- [ )
. s} / 4s0
N »T0H qre
.' :
- S‘o- 160
(.4
[e]
I Sso} 430
-
x
Waol PAPRG V) - 40
T x
N w
- Syof 430
- 20} PAPP (1V) AN J20
i AET + SERQTOMIN (1P}
- 1O} ~
. K i 1 K I T o : °
° 3 . ’ 12 13 T 2 24 A
- DAYS POST-IRRADIATION
‘ ; Fig. 2. Cuiaulative mortality of control and chemically protected dogs

" following 600 r and with post-irradiation supportive therapy.
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DAYS POST-IRRADIATION
5 Fig. 3. Cumulative mortality of control and chemically protected dogs
R following 600 r but without post-irradiation supportive therapy.
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the non-survivors in this group was not markedly influenced by the
supportive therapy. The 50 per cent added survival of those receiving
supportive therapy was the result of a large reduction in the number of -
deaths cccurring between the 12th and 15th post-irradiation days.

Croup 1. ﬂ A total of 34 dogs were given FAPP intravenously acrd AET
plus serotonin intraperitoneally before irradiation. Eightcen of the 22
dogs with post-irradiation supportive therapy survived (381. 8 per cent)
as compared %o only 7 survivors among 12 dogs without post-irradiation
supportive therapy (58. 3 per cent). The 23.5 per cent added r.ortality
among those receiving no supportive therapy occurred between the 12th
and the 18th post-irradiation days. Again no marked difference in the
mean survivzl time among the non-survivors in this group was noted.

The immediate side-effects following the admiristration of these
chemical agents varied from mild to severe signa of toxic reaction .
characterized by cyanosis, dullness, wezkness, hyperpnea, tachycardia,
excessive salivction, straining, urination, and defecation. Occasionally
these symptoms became severe enough to produce complete prostration.
The intravenous administration of 2 mg/kg of methylene blue :Lulmediately .
following irradiation, however, rapidly abolished these toxic sitle-effects,
and recovery was essentially complete within 3 to 4 hours. In spite of
thege toxic reactions, drug-induced mortality was not encountered in
this study. ' ,

The average hematocrits and total leucocyta counts of the control
and chermically treated dogs, rcogardlesa of eventual survival or non-
survival, are illustrated in Figures 4 and 5. Following irradiation, a
rapid fall in leucocytes, especially lymphucyter, was seen in all dogs.
It appears that the irradiated controls (Group I} exhibited the greatest
and most rapid drop in leucocytes, whereas the dogs receiving PAPP,
AET, and gerotonin {Group IlI) efiowed the least pronounced leucopenia.
The leucocyte pictures of dogs receiving ideatical pre-irradiation treat-
ment, with or without poat-irradiation supportive therapy, were not
noticeably different. The chianges in the hemoglobin levels were found
to be closely parallel to those of the hematocrit values and are not there-
fore included in the graphs. The hemotocrit and hemoglobin levels de-
creased progressively following irradiation, but there were no apparent
differences between the control 2nd chemically protected doge.

A comparison of the average hematocrit and leucocyte values of
the survivors and the non-zurvivors within each group of control and
chemically treated dogs is presented in Figures 6 ta 11. The avbng.
leucocyte counts of the non-survivors fell well below those ot the
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survivors. The leucocyte counts of dogs which eventually survived
began to rise after the second week, approaching pre-irradiation levels
by 60 days. Ia general, the hematocrit and hemoglobin values decreased
more rapidly among the ncn-survivors. The return of the hematocrit
and the hemoglobin to pre-irradiation levels among the survivors was not
always complete even after 63 days.

IV. DISCUSSIiON

Numercus chemical agents, including PAPP, AET, and serotonin,
have beea found to protect rodents from radiation induced lethality (16,
17,21}. However, such chemical agents were too toxic when admin-
istercd to dogs in doses comparable on a weight basis to those uged in
rodenis {4). On the other hand, the reduction of the dosages to less
toxic levels resulted in greatly diminished or insignificant protective
activity. At present, no single chemical agent has been shown to provide
satisfactory radiation protection to dogs at non-toxic dose levels. -

it has been demonstrated in mice that mixtures of cheniical agents
at a lower dosage for each offered, without additive toxicity, greater
radiation protection than any one of the agents used alone {(1). The
successful use of inixtures of radio-protective agents in dogs has also
been reported (5, 6).

The combination of chemical agents used in the present study was
derived from earlier screening experiments in doge at this laboratory.
It was found that the pre-irradiation administration of PAPP (4 {0 5
mg/kg) intravenously and AET (225 mg per dog) plus serotonin {32.5
mg per dog) intraperitoneally provided a high degree of protcction from
radi»tion induced lethality. The doses of these chemical agents giv:n
to dogs were about 10 to 50 times less than the doses required to produce
effective radiation protection in mice (1). In spite of the development
of toxic side-effccts following the administration of this chemical mixture
to dogs, no drug-induced mortality was encountered. Furthermore,
much of the toxic effect resulted from PAPP- mducui methemoglobineinia
and could be reversed by methylene blus.

Little inform .tion is available concerning the exact mechanisms
of the radio-protective action of PAPP, AET, and serotonin.

PAPP produccs a rapidly developing, pronounced methemoglobin-
emia when administered intravenously to dogs (15). Its radio-protective
activity has been explained on the basis of the resultant tissne hypom
(16).
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AZ=T is among the most effective of the numerous ar=zes and
sulfhydryl compounds that have been tested for radio-proter=ve activity
in mice (17). It has been postulated that these compounds ==stect by
virtue of their direct reaction with radiation-induced radicz”s, producing
stable aybrids which then react preferentially with other rz=cals rather
- than with sensitive biological material. The isothiuronium r-oup of
AET is apparently responsible for its protective activity (1T _ In the
present study, all solutions of AET were adjusted to a pHc«£6-3t0 6.6
just before administration. AET transforms readily to 2-=ercapto-
ethylguanidine (MEG) at a pH around neutral (19). It is assr—ed there-
fore that some of the observed radio-protective effect was Zie to MEG.

It has recently been demonstrated that serotonin proiziiy owes
its protective activity to its ability to lower tissue oxygen te<sion in
certain critical organs such as the splec» (20}. This efi~~13s apparently
due to the smooth muscle effects of serotonin, producing vzsuconstriction
(21). ‘ ‘

The beneficial effect of symptomatic post-irradiation s.pportive
therapy in both control and chemically protected dogs is de—cnstrated
in this study. By administering antibiotics, parenteral fluis, whole-
blood, and vitamins to supra-lethally irradiated control dogs. increase.
of 4 days in the mean survival time was noted, and in one £~z, survival
beyond 30 days was attained. The beneficial effect among e chemically
protected dogs is evidenced by a large decrease in 30 day - tality.

A precise evaluation of each phase of the post-irradiz="an treat- °
ment program w”s not intended in the design of these expez=—=ents;
however, the sequellae of hemorrhage, infection, and ane3z occurring -
within the first 30 days after radiation were certainiy altere by these
treatments. On the basis of subjective clinical evaluation « zhe in-
dividual dogs in the treated and untreated groups, it is a gezeral im-
pression that, in untreated dogs in which the total leukocyte count fell
below about 1000 per mm3, overwhelming infestion leading == death
was the invariable consequence. However, among the dogs ~eceiving
supportive therapy, the onset of overwhelming infection was aften pre-
vented or delayed by antibiotic therapy, even in the face of 2:tal leuco-
cyte depression far below 1000 per mm3. Furthermore, evex in cases
where infection, hemorrhage and anemia developed to a deg:=e pro-
ducing a complete cessation of oral intake, it was occasioray possible
to prolong life by the vigorous administration of electrolytes. glucose,
vitamins, fluids, and whole blood until a subsequent rise iz Zeucocyts
. count initiated the recovery process.
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V. CONCLZ5iONS

Effectiv= protection of dogs from radiation induced lethality can
be provided ¥z the pre-irradiation administration of para-aminopro-
piophenone {F:2F), S 3-aminoethylisothiuronium (AET), and serotonin
in combinatioz. whereas PADP alone is relatively ineffective. Thix
combination c chemical agents is only moderately toxic, and much of its
toxic effect =z be rapidly abolished by the administration of methylene
blue following Irradiation. Vigorous post-irradiation therapy with anti-
biotics, vitar-=s, parenteral fluids, and whole-blood markedly decreacea
the mortality z=cng chemically protected dogs, and increases the sur-

vival time of =—orotected dogs. Y

VL RECOMMENDATION

-+

It is reczz=mended that this and other combinations of chemical

agents be inves=zated further in dogs with a view toward possible human
application. :
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athouse, Soutd Building, 'uhhq!on 25.D. C, Atta: DM Referemce Room

Electric Boat. Division of Cemara ics Corpovratiom, rhl Projects Divisioa,
Croton, Commectiomt, Atta: W I lien J. King, Human ors Sectiom

General Electric Company, Techaioal Miliwary Plc.hq Operation. 73§ Stute Street, Saata
Bxrbara, Califormia

The Johs Crerar Librory, 96 Eost Ramdolph Street, Chicogo 1, Illimeois

Kings County Haspital, Depsrtasat of Asestheniology, Brooklyn, New York Atta: Dr.
Stanley V. Weitzmer

leplwaocu Hospital, Lancaster and City Line Avesuss, Philedelphia 31, Peassylwmmia,
Atta: Dr. Steven M. Horvath, Civisica of Research

Linfield Research Institute, McMinavi!le, Qregom

Mayo Climic, Section of Biaphysics, Rechester. Minaseota, Atta: Dr. Kemmeth N. Ogle

bud J?::- and Company. Medical Department. 240¢ V. Pemssylwenia Street, Evamaville

ano

Nntloml Aeromautics and Space Administration, 1320 H. Street, N. V., Yashisgtos 25. D. C.,
Attn: Mr. Bertram A. Muloahy, Director of Techaior]l laformatica

Sens ory Biophysics Gcour Rattern Recdgnition Departaent, IBM Research Cntor. Box 218.
Yorktown Hts, New Yor

Space Techmology laboratories, Inc., lnforsation Services, P. O. Bex $3001. Docusent
Acquisition (woup, Los Aageles 4§. Califoraia

The Rand Corporation, 1700 Maia Street, Sasta Monica. Califoraia, Atta: Library
Yerkes laboratories of Primate Biology, Oramge Park. Florida :
- MEDICAL COLLEGE/SCHOOL LIBRARIES AND DEPARTMENTS
Albony Medical College Library, New Scotland Avemue, Albany ¢, Nes York
Bowman Gray Schuul of Medicine, Winstos-Sales. North Carelina, Atta: Librory

(olloqe of Medical Ewingelists, White Memorial Medical Library, 1720 Brooklyn Avenue,
las Ingeles X3, California

tollege of Medion] Evangelists, Vernier Radcliffe Memorisl Library, Loma Linda.
Culifornia
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Collegye of Physicians of Philadelphia., 19 Scuth 22n0d Street, Philadelphia 3. Pennsylvania,
Attn: Likrary, College of Physicians of Philadelphia
Columbia University, Medical Likrery.530 West 158th Street, New York 32, New York
Cornell University, Medical College Library, 1300 York Avemue, Yew York 21, New Yark
Creighton Medical Library, 302 North 14th Stree:, Qeaha 2. Nebraska i n‘
Dartmeuth College Medical Librory. Baker. Hanover, New Hampshire

Florida State University, Deportzent of Psychology, Tallalassee, Florida, Attn: V. W,
Dawson

Georg: Woshington University, Huzan Resources Research Office, P. 0. Bx 3596. Washingtom
7. D. C., Attn: Library

Harvard Ydical Litrary, 25 Shattuck Street, Bosten 15. Massachusetts

Igdiana University Medical Center, School of Medickne Library. 1100 Yest Michigan Street
Indicnapolis 7. Indicna

Jefferson Mexdicul College Libraty. 1 @5 Waluut Street. Philadelgzhia 7. Pennsylwania

Johns Hogkins University, Operations Research Office, £935 Arlington Reod, Betbesda,
Maryland, %ashington 14, D. C., Attn: Library

Johus Hopkins University, ¥Welch Vedical Library, 1900 East Mooument Street. Baltimore §.
Maryland .

Morquette University, Yedical-Dertal Library, 560 North 16th Street, Milwikes 3, Wiscons.a

¥uedical College of Virginia, Taspkins-McCaw Library, Richeead 19, Virginia .

New Yourk Acudemy of Medicine. 2 Fast 1(3rd Street. New York 29. New York, Attn: Library

New Y;ik University, Believue Medical Center Library. 550 First Avenue, New York 1. Nee
or

Northwestern University Medical School, Archibald Church library, 303 East Chicugo Avenue,
Chicago 11. Illinois

Chio Stute University, Chemical Acstracts, Columbus 18, Chio. Atta: Library

(hio State University, Operations Research Group, Engimeering Experiment Station, ISG‘
Yest Tenth Avenue.yCol\‘x:bus 10. Ohio P 9 el

Chio State University, School of Optometry. Topax Litrary of Visual Science, 338 Vest
Teath Averue, Colurbus 10, Chio :

Ohio State University, Topaz Library, School of Optosetry. 338 West Temth Avenue.
Columbus 10. Chio

Rush Medical Colle i . 1758 YWest Harrison {ireet, Chicago 12. Illinois, Attam:
Frida Pliefke, Lxg‘l:ruri::ry * '

St. Louis University, School of Vedicine. 1402 South Grand Awesue, St. Louis 4. Missouri
Attn: Library ’ :

Slgnford University, Department of Physiology. Stanford, Califormia, Atta: Dr. J. M.

rismon

Stanford University Medical Center, 300 Pustier Drive, Stanford, California, Atts:
lane Medical Library )

State University of lowa, College of Medicine Library, Medical laboratories Buildiag.
Iowa City, lowa

State Univeuux of New York, Downstate Medical Cunter, Department of Anesthesiology,
450 Clarkson Avenue, Brooklyn, New York, Attn: Dr. Stanley V. Weitaner

State Univeuit{ of New York, Downstate Medical Center, Medical Library. 450 Clarksom
Avenue, Brooklyn 3, New York

Texas Medical Center Library, Jesse H. Jones Library Building, Texas Medical Center.
Houston 25, Texas

Tufts University. Institute for Applied Experimental Psychology. Medford 55, Massachusetts.
Attn: PRiul G Ronco

Vanderbilt University School of Medicine, Department of Medicine, Nashville 5, Tennessee,
Attn: George R. Meneely, M.D. Asso. Prof. of Medicine. Director Radioisotope Center

UnA'nllersi(y of Alabama, Medica! Center Library, 1919 Seventh Averne South, Birmingham 3,

University of Arkansas, Medical Center Library, 4301 West Markbon, Little Rock, Arkmsas

T St 1 rveag e e, St s o)
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Unlversity of Buffalo, Medicul-Dental Library, Buffalo 1¢. Nee York

University of Buffale, Depurtment of Paychology. Buffalo 14, New York

Univeraity of California. U. S. Raval dedical Research Unit No. 1, Berkeley 4. California

University of California Medical Center, Biomedical Library, Los Kageles 24. California

University of California. Civil Defense Research Project. 1301 South 45th Street,
Richaond §. California

University of Chicage, US Air Force Radiation Lab
l“lr.olz. Attn: Dr. Kenneth P. D‘Bo: ton cratory, 930 E. Sath Street, Chicago 37,

Universlty of Chicrgo, Faculty Exchange Box . Chi L .
hhomz" of ﬂlmoloqidypsmm, 184. Chicago 37. Illimois, Attn: V. D. Neff,
L‘ngzr’“’ of Cincinnati, Kettering laboratory. Eden and Bethesda Avenue, Cincinnati 19
° - . .
-hzorlliy of lllinois, Depurtment of Psychology, Urbana, Illimois, Atta: Dr. W E.
prau
University of Illinois, Aerowedicul laboratory.- .
llunmz. Attn: Dr. Joha P. u"b‘"qe:ra ory,- 840 South Wood Street. Chicago J2,

Uaiversity of Xansas Medical Center. Clendening Medical Library, ¥ansas City 12, Xansas

Univmreity of Louisville, School of Nedicioe, Lauisville Medicnl Library, 1@l West

Cheatrut Strest, Louisville 2. Xentucky ] .

Un};or;l’z of Marylard, Health Sciences Library, 111 South Greene Street, Biltimore 1.
ryla : :

University of Miami, School of Medicine,. i : ]

”M‘Glli 3%- Florida ° Jackson Memorial Library, 1000 N. ¥. 17th Stiest,
University of Michigan, Serials ond Documents Section, General Library, Ann Arbor,Michigas
Univoraity of Minnesota Library. Gift and Exchange Departsent, Minneapolis 14. Mirnesota
Uaiveraity of Mississippi, Medicul School, Rowland Medical Library. ks i
University of Misscuri, Medical Library. Colurbia, Missours rY. Jackson, Mississippi
Un'l‘:;;;:g of Nebraskn, College of Medicine Library, 42ud and Devey lvo“"_- Onaha 5.
Univereity of North Carolima, Divisi < .

DHZ:N:J' Chapel Hilly N::th é:::l::.d Health Affairs Likrary, North Garolima Memorial -
University of Oklahoma Medical Center, N. E. , y

Attn! Libnuy go1 13th Street, tUklahema City, Cklahose,
Un;vog:;z.oi Cregoa Medica] Schoal Library, 3181 S. V. Sam Jackson Park Road, Portland
University of Pittsburgh, Falk Library of the Hnl

anylzdnll | th Professions, Pittsburgh 13,
Unlversity of Rochester, Atomic Energy Project, i .

P e 28], Stution 3. Rochester 20, Row York Techaical Report Control Unit. P. O.
Univers ity of Soutbern California, School of Medici iverai s

A;'lu"l. California of Vedicine Library, University Rurk, Les
Unmul;y of South Dokota, Medical Library, Versillion, Sowth Duketa, Atta: Medical

rar

Undveraity of Tewsesses. Degartaest of Bactericlogy, Yooaville. Tewnsasss. Atta: Dr. D.
University of Tennessee, Institute of Clinical Inv- .

dreredty o T T ol Ol e gt % Shiicad Physiological
University of Tennessee, Mooney Mescrial Library, &2 S. Durlay. Mesphis 3. Tenneesee
University of Texas, The Radicbiological Laberatory, RFD 4 Box 189, Austin, T ‘
Universlty of Texcs, Medical Branch Library. Galveston, Tewm o
Unjversity of Utah, Medical Library. Solt lake City 12, Utah
University of Vermont, College of Medicime Library, Burlingtos, Vermemt
University of Virginia Hospital. Medical Library, Charlottesville, Virginia

University of Washington, Health Scieaces Library, Seattle S, Vashimgtom
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University of Wiscossin Medical Library, S. M. 1. Building, N. Charter Street, Yadisom
6. ¥iscomsin

University of Vest Vuguwl. Medical Center Libyary. qumunn. ¥out Virginis
FOREICH

&xtuh Arwy acd Ravy Medical Licison Officer. B, J. S. M. (Arsy Staff) 1800 K. Su«t.
N. ¥., Yashing.om 25. D. C.

Canadion Luaison Officer, Office of tie Surgeom General, US Ar'y. Room 2709 Yoia kvy
Building., Canadiam Joint Staff, (Roshington) 'u:lnnn;ton 2s. b. C.

Defence Research Mesber, Camdmn Joiat Staff, (¥ashington) Roox 2709, Main Navy
Building, Washingtem 25, D. C.

laboratoire de Rutholoyie et Therapentique Generules, 32 Boulcvard de la Constitutiom,
Liege, Beljique, Attn: Directeur Professear Z. M. Bacyg

Physics Research Laboratories, Upper Redlands Road, Reading, Berks, England, Attn: Prof.
R. W. Ditchhura -

Royal Society of Medicime Library, 1 lupoh Street, Londen W. 1. England
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